S1 nuclease mapping of RNA prepared from Pseudomonas amyloderamosa SB-15 suggested that the iam gene coding for isoamylase (glycogen 6-glucanohydrolase [EC 3.2.1.68]) is transcribed from two promoters. The transcription start site for the upstream promoter (termed P1) was located -182 base pairs from the first nucleotide of the initiation codon of iam, whereas the start site for the downstream promoter (termed P2) was 99 base pairs downstream of the P1 start site. Transcriptions from these promoters were induced by maltose and were not repressed by glucose. The promoter regions contained sequences homologous to the consensus sequence recognized by o5 RNA polymerase of enteric bacteria and found in promoters of other Pseudomonas species. Northern (RNA) hybridization provided evidence that the iam gene is transcribed as monocistronic mRNAs with an approximate size of 2.6 kilobases.
Most Pseudomonas species utilize organic acids preferentially over glucose and other carbohydrates as carbon and energy sources (19) . The effect of glucose on substrate utilization is not so common in these organisms as it is in enteric bacteria (15, 24, 27) . On the other hand, Pseudomonas amyloderamosa SB-15, which was isolated as an isoamylase-producing organism (9) , can utilize carbohydrates well, like Pseudomonas saccharophila and Pseiudomonas maltophilia (9, 19 ). An isoamylase (glycogen 6-glucanohydrolase [EC 3.2.1.68]) that hydrolyzes the branching points of amylopectin and glycogen was found in P. amyloderamosa SB-15 culture medium containing maltose or starch but not in medium containing glucose (9, 25) , but the mechanism regulating its synthesis was not studied in detail. The maltose regulon of Escherichia coli, including the genes coding for a-amylase and other enzymes involved in maltodextrin metabolism, is induced by maltose or its derivative and controlled positively by the product of the malT gene (6, 23) . Recently the inducer was shown to be maltotriose (20) . Moreover, glucose represses the expression of the maltose regulon, mainly by exclusion of the inducer (23) . In contrast, in Bacillus species, expression of the ot-amylase gene is repressed by glucose and not induced by starch or maltose (18, 21) . Thus, the syntheses of Bacillus and E. coli amylases are regulated differently. We therefore decided to study the mechanism regulating the synthesis of isoamylase, which is involved in the starch-utilizing system of P. amyloderamosa SB-15, and to compare it with those regulating amylase synthesis in other organisms.
Recently we cloned the gene (iam) coding for P. amyloderamosa SB-15 isoamylase, determined its nucleotide sequence, and found important amino acid residues for the catalysis by comparing the amino acid sequence with those of other amylolytic enzymes (2) . We also proposed that inverted repeat structures in the 5'-and 3'-flanking regions of the gene were responsible for the possible regulation of transcriptional initiation and termination, respectively. In this study we examined the size of the transcripts of iam, the transcription initiation sites, and the regulation of transcription by maltose and glucose.
MATERIALS AND METHODS
Bacterial strains, plasmids, and media. P. amyloderamosa (2) and is able to replicate in E. coli. Plasmid pUC19 was used as the vector for DNA sequencing. For growth of bacteria carrying the plasmid, the medium was supplemented with 50 ,ug of ampicillin per ml.
Manipulation of DNA. Plasmid DNA was isolated from E. coli by the alkaline lysis procedure (3). Restriction enzymes, DNA ligase, alkaline phosphatase, Si nuclease, polynucleotide kinase, and the Klenow fragment of DNA polymerase were purchased from Takara Shuzo, Kyoto, Japan, and used as specified by the supplier. DNA sequencing was carried out by the method of Sanger et al. (22) Fig. 1C ) was labeled with [a-32P]dCTP (3, 000 Ci/mmol; 110 TBq/mmol; Amersham) by using a kit from Boehringer GmbH, Mannheim, Federal Republic of Germany, and used as the probe. Hybridization and autoradiography were carried out as described previously (16) . The filters used were hybridized at 42°C.
Isoamylase activity. Isoamylase activity was assayed by the iodine method described previously (9) . To examine the transcription start sites, we coelectrophoresed the S1 nuclease-protected fragments with the sequencing reaction products of the probe DNA (Fig. 2) at positions -182 and -83 from the first nucleotide of the initiation codon (Fig. 3B) .
RESULTS
Transcriptional regulation of iam in the presence of glucose and maltose. When P. amyloderamosa SB-15 was grown in 2% glucose medium, the isoamylase activity was scarcely detectable. However, addition of 2% maltose during exponential growth induced isoamylase activity (Fig. 4A) . On the other hand, when strain SB-15 was grown in 2% maltose medium, the isoamylase activity was high during exponential growth. Addition of 2% glucose to exponential cultures had no effect on the activity of isoamylase (Fig. 4B) . These results suggest that isoamylase synthesis is induced by maltose but not repressed by glucose.
Inducible expression of the iam gene was also observed at the level of transcription. In 2% glucose medium, Si nuclease-resistant iam mRNAs were scarcely detectable during exponential growth, but addition of maltose increased the levels of the two iam mRNAs (P1 mRNA and P2 mRNA), whereas in maltose medium the two mRNAs were detectable during the growth phase, and addition of glucose did not decrease the amount of either mRNA (Fig. 5) . Transcriptions of P1 and P2 mRNA were stimulated by 1 h after addition of glucose (Fig. SB, lane 6) although by 6 h the amounts of the mRNAs were similar to those obtained without addition of glucose (Fig. SB, lane 7) . Thus, the stimulation of iam gene transcription by glucose seems to be transient. The mechanism of stimulation by glucose is unclear.
DISCUSSION
Using a hybridization probe prepared from the cloned iam gene, we analyzed the synthesis of the iam mRNA of P. amyloderamosa SB-15 under various conditions and found that the iam gene is transcribed from the two promoters P1 and P2. Previously, Harada et al. (9) reported that isoamylase is found in Pseudomonas cultures containing maltose but not in those containing glucose, galactose, mannose, lactose, sucrose, cellobiose, trehalose, raffinose, or salicin. Thus, maltose or its catabolites appear to induce the synthesis of isoamylase. The present results clearly show that the transcriptions from the two iam promoters are induced by maltose and not repressed in the presence of large amounts of glucose. Moreover, the relative levels of isoamylase mRNAs correlate with the observed levels of isoamylase activity. The Bacillus ot-amylase gene is repressed by glucose and not induced by maltose or starch derivatives (18, 21) , whereas the maltose regulon of E. coli, including the cx-amylase gene, is controlled positively by the product of the malT gene and maltose or its derivative and is repressed by glucose, as mentioned previously (6, 23) . Therefore, the iam gene of P. amyloderamosa SB-15 is regulated differently from the amylase genes of these organisms by maltooligosaccharide and glucose. In the iam promoter regions we could not find the maltose box that is conserved in all known promoters controlled by the malT product. It is unknown whether the iam gene is controlled positively or negatively by an activator protein such as the malT product or a repressor protein.
The transcription start site for the upstream promoter (P1) is located just after a stem-loop structure, whereas that for the downstream promoter (P2) is within another stem-loop structure. These secondary structures may play a role in the regulation of transcription.
In the regions preceding the two start sites, there was no sequence similar to the -10 and -35 consensus sequences recognized by E. coli r7' RNA polymerase (17) . This may be the reason why the iam gene was not expressed in E. coli. However, a sequence consistent with the consensus se-TRANSCRIPTION OF ISOAMYLASE GENE quence (5'-CTGG-8 bp-TTGC-3') for Cr5' RNA polymerase (10, 11) , which initiates the transcription of ntilnifj genes encoding enzymes involved in nitrogen metabolism of enteric bacteria such as Escherichia, Klebsiella, and Salmoniella species, can be seen 26 bp upstream of the P1 start site (Fig. 3B) . The consensus sequence could not be found in the P2 region, but a similar sequence (5'-CCGC-8 bp-TTTC-3') is present 25 bp upstream of the P2 start site (Fig. 3B) . Sequences that are homologous to the consensus sequence of ntrlnif promoters have been found in other Pseuidomonas promoters ( Fig. 6) (12) , but the transcription requires activations by a homologous (P. putida) regulatory gene, xylR (5) . The transcription of another regulatory gene, xylS, of P. piatida in E. coli is also activated by the homologous regulatory gene xylR (13 both cases, the activations are dependent on ntirA (rpoN, ginf), whose product is a specific u factor (r54) for the ntrlnif promoters (10, 11) . Thus, the promoters of these Pseuidomonas genes seem to be recognized by a 54 in E. c oli, although the molecular basis of transcriptional activation of the Pseitdomonas genes by xylR in E. coli is still unclear. However, the iam gene, which has similar sequences in its promoter regions to those recognized by 54', is not transcribed in E.
coli (Fig. 1B) . All known promoters recognized by or54 are located -12 and -24 nucleotides from the transcription start sites, whereas the putative promoter sequences of iam are located -26 (or -25) and -38 (or -37) nucleotides from the transcription start sites. In Fig. 6 , the promoter sequences of Pseudomonas aeruginosa and P. putida are located in the -12 and -24 region, except that of algD (-21 and -33). All the promoters (except for iam) listed in Fig. 6 were expressed in E. coli. However, the expression levels were low compared to those in Pseudomonas species. The distance of iam promoters from the transcription start sites and/or the absence of regulatory factor(s) may restrict the transcription of iam in E. coli. By Northern hybridization, the iam gene was found to be transcribed as monocistronic mRNAs. From the size of iam mRNAs (2.6 kilobases) and the transcription start sites, the transcription termination site is calculated to be located between 100 and 200 bp downstream from the termination codon. In this region there is a relatively G+C-rich palindromic sequence followed by thymidylate residues that is a typical sequence for a p-independent terminator of E. (coli, as shown previously (2) . From the rules of Tinoco et al. (26) , the IAG for stem-loop formation of the iam transcript that is probably involved in the termination function was calculated to be -15.2 kcal/mol (ca. -63.6 kJ/mol). Since p-independent transcription terminators have been reported to occur not only in E. coli but also in several Bacilliis species (8, 14) , they appear to be conserved in a wide range of species.
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